Heating the tosylhydrazone of an ω-alkenyl ketone or aldehyde to reflux in toluene in the presence of K 2 CO 3 delivered the bicyclic diazene. Irradiation of the diazene converted it to the cyclopropane. This appears to be a generally useful method for the construction of substituted cyclopentanes and cyclohexanes.
Carbocycle construction by intramolecular 1,3-dipolar cycloaddition has long been a workhorse of organic synthesis. 1, 2 Yet one of the simplest of such ring-forming reactions, the generation and intramolecular cycloaddition of an ω-diazo alkene to form the cyclic diazene (Scheme 1, 1a f 2a), had not been developed as a generally useful synthetic method. 3, 4 We have found that simply heating the tosylhydrazone of a ketone such as 1a to reflux in toluene in the presence of K 2 CO 3 delivered the bicyclic diazene 2a.
5 Irradiation of 2a converted it to the cyclopropane 3a, 6,7 while tautomerization 3 of 2a equilibrated it to the more stable cyclic hydrazone 4. Hydrogenation of 2a followed by acylation led to the cyclic hydrazide 5, reduction 8 of which with SmI 2 generated the cyclopentane 6. This appears to be a generally useful method for the construction of substituted cyclopentanes and cyclohexanes.
There is precedent 3,4 for the conversion of 1a to 2a. In 1980, Padwa 3a reported that heating the sodium salt of an ω-alkenyl tosylhydrazone gave the tautomerized dihydropyrazole analogous to 4. Alternatively, when the diazo intermediate was generated by heating the ω-alkenyl ketone with an N-aminoaziridine, the cyclic diazene was isolated. Curiously, there had been very little further work 3b-e,4 on this approach to carbocyclic construction since that time.
We have briefly (Table 1 ; all yields in Tables 1 and 2 are for pure isolated products) examined the scope of this cyclization. Both five-membered and six-membered ring formation proceeded efficiently. The geometry of the starting alkene appeared (entry 3) to be maintained in the product. While the cyclization to form the cyclopentane (Scheme 1, structure established by X-ray analysis) proceeded with significant diastereocontrol, cyclization to form the cyclohexane (entry 6) did not. As expected, 3a ω-alkenyl aldehydes (entry 5) also cyclized efficiently, with useful diastereocontrol. It is also noteworthy (entry 7) that cyclic ketones participated smoothly. With the As outlined in Scheme 1, the product cyclic diazenes are versatile intermediates for further transformation. We were pleased to observe that the diazene 2a was readily tautomerized to the dihydropyrazole 4, and was easily reduced to the tetrahydropyrazole, isolated as the bis-benzamide 5. Such bicyclic dihydro and tetrahydro pyrazoles such as 4 and 5 should be useful scaffolds for pharmaceutical discovery. It was equally exciting that the benzamide 5 could be further reduced to the cyclopentane 6. Such aminated cyclopentanes, useful intermediates for alkaloid synthesis, 9 are not readily prepared by other means.
The straightforward conversion of 1a to the cyclopropane 3 was particularly interesting. We have made a preliminary investigation (Table 2) of this reaction, which appears to be general. Intramolecular cyclopropanation is usually carried out with R-diazo ketones or esters. 10 The net conversion of an ω-alkenyl ketone or aldehyde to the corresponding carbene with subsequent intramolecular cyclopropanation has been a longstanding goal. Although strategies have been developed for effecting this transformation, 7 the protocol described here appears to be a practical alternative. b The product was an ∼5:1 mixture of diastereomers.
c Ar ) 4-methoxyphenyl. d The alkene was an ∼5:1 Z/E mixture.
e The product was an ∼5:1 mixture of diastereomers. f The product was an ∼6:1 mixture of diastereomers. The major product had a 13 C NMR methine at δ ) 100.2. The minor diastereomer 13 C NMR methine was at δ ) 95.1.
g The product was an ∼1:1 mixture of diastereomers.
TABLE 2. Cyclopropanes from Cyclic Diazenes
The approach delineated here makes cyclic diazenes such as 2a routinely available. We expect that this approach to carbocyclic construction by intramolecular dipolar cycloaddition will have many applications both in natural product synthesis and in medicinal chemistry. 11, 12 Experimental Section Diazene 2a. Ketone 1a 13 (85 mg, 0.45 mmol) and tosylhydrazine (1.07 equiv, 92 mg, 0.49 mmol) were stirred in MeOH (2 mL) at room temperature overnight. The MeOH was removed under reduced pressure, the crude hydrazone was redissolved in toluene (3 mL), K 2 CO 3 (6 equiv, 385 mg, 2.8 mmol) was added, and the reaction mixture was heated in a sealed vial at 120°C (oil bath) for 18 h. After cooling to room temperature, the reaction mixture was partitioned between CH 2 Cl 2 and, sequentially, water and brine. The combined organic extracts were dried (Na 2 SO 4 ) and concentrated. The residue was chromatographed to yield diazene 2a (76 mg, 84% yield, 5:1 mixture of two isomers based on 1 
